The influence of pyridoxal-S'-phosphate on the temperature relationship of aspartate aminotransferase and alanine aminotransferase has been determined. On varying the reaction temperature from 25°to 45°both enzymes showed small but significant deviations from a linear Arrhenius relationship. Supplementation with pyridoxal-5'-phosphate in general enhanced the catalytic activity to the same degree over the entire temperature range. Our results corroborate the findings of Rej but not those of lung et al.
Blood was taken by venepuncture and promptly centrifuged; the sera14 15 were stored at 4°C and assayed within 24 h. A number of sera were pooled in order to obtain enough' sample for the determination of aminotransferase activity in the absence and in the presence of pyridoxal-5'-phosphate. No distinction has been made between blood obtained shown that the coenzyme, except for its stimulatory effect, does not influence the Arrhenius behaviour of AST in serum. Rosalki et al, 11 have observed straight Arrhenius plots for ALT with slopes of -2·0, to -2·8 x lOs and -2·0 to -2·4 x 10 3 in serum obtained from patients with cardiac or liver pathology, respectively, but they measured the catalytic activities at only five different temperatures. In a study of the interlaboratory evaluation of the IFCC method for AST, Sampson et al. 12 found straight lines for the Arrhenius-plots, also only measuring the catalytic activities at five different temperatures, while Burtis et al. 1S have calculated the slope of the Arrhenius plots from determinations at only three temperatures. We have, therefore, re-investigated the influence of pyridoxal-5'-phosphate on the temperature relationship of AST and ALT.
It is now well known that pyridoxal-5'-phosphate enhances the catalytic activity of the apo-aminotransferases. The participation of this coenzyme in the AST reaction was suggested as early as 1939 by Kritzmann.' In the Scandinavian recommendation for aminotransferase determination the addition of pyridoxal-5'-phosphate is discretionary," while in the provisional recommendations of the expert panel on enzymes of the Committee on Standards of the IFCC the addition of the coenzyme to the reaction medium of AST and ALT is obligatory.s-5
There are numerous factors which influence the reassociation of the coenzyme with both apoenzymes. Among these factors are the buffer system, the duration of preincubation, the concentration of the coenzyme, and the temperature.
During an investigation of temperature converting factors for enzyrnes'' we became aware of differences between the temperature relationship of AST and ALT determined in the absence or in the presence Materials and methods of pyridoxal-5'-phosphate. Jung et al.' 8 have determined the influence of pyridoxal 5'-phosphate on the temperature relationships of AST and ALT. They observed a deviation from a linear Arrheniusplot when the catalytic activity of AST and ALT was determined in the absence ofpyridoxal-5'-phosphate. When the coenzyme was added to the reaction medium a linear relationship for the Arrhenius plot was observed. At 25°C a lower increase in catalytic activity was observed than at 45°C when the reaction~~~-:staL~~:;~r~~~~ev~~~~~:I~:::a:~t~~i~~:;ansferase. EC was carried out in the presence of pyridoxal-5'-2.6.1.1 phosphate." 8 Rej et al., 9 10 on the contrary, have ALT: L-alanine: 2-oxoglutarateaminotransferase, EC2.6.1.2 426 from normal patients and that from patients with liver and/or heart disease. For AST 13 pools have been measured at the indicated temperatures in the absence and in the presence of the coenzyme. The number of pools used for ALT was 12. Aminotransferase activities were determined at the indicated temperatures according to the recommendation of the Committee on Enzymes of the Scandinavian Society for Clinical Chemistry and Clinical Physiology.2 The final reaction mixture for the determination of the aminotransferases has been described previously." Reaction medium (2·0 ml) with or without pyridoxal-5'-phosphate (end concentration: 0·1 mmol/l) was added to 0·3 ml serum. After preincubation for exactly 15 min at the indicated temperature the reaction was started by the addition of 0·2 ml 2-oxoglutarate and the decrease in absorbance at 340 nm was read each minute for 5 min. Catalytic activities were calculated from the mean absorbance change per min and expressed as U {I.
All experiments were carried out on a Beckman spectrophotometer (model 25). A variable temperature control accessory (No. 579298)permitted heating of the sample and reference cell compartment, so that catalytic activities could be measured at 25°, 27°, 30°, 32°, 35°, 37°, 40°, 42°, and 45°C. The pH of each reagent was readjusted to the respective reaction temperature before the reaction was initiated. Reagent blank rates and sample blank rates were determined under all experimental circumstances and the catalytic concentrations were corrected for these blank rates.
The catalytic activities of the serum samples at the indicated temperatures have been calculated and plotted as log catalytic activity against~(T= absolute temperature).
All chemicals were reagent grade and obtained from Boehringer, Mannheim, GFR. Pyridoxal-5'phosphate was purchased from Merck, Darmstadt, GFR.
the relationship between y and x is linear (for all possible serum pools), can be tested with the test statistic C= -2 11n (Pi), which under this hypothesis is distributed as chi-square with 24 or 26 degrees of freedom for ALT and AST, respectively, since each of the Pi'S is uniform distributed under this hypothesis." Suppose that (1) is the model for a pool of one of both enzymes in the absence of pyridoxal-5'-phosphate and that is the corresponding model for this pool in the presence of the coenzyme. If (2) is merely a translation of (1) along the y-axis, the hypothesis: l = IXland~2= 1X 2 must hold. This hypothesis can be tested for each pool (F-test). The general hypothesis HI: the relations (1) for one of both enzymes in the absence of pyridoxal-5'-phosphate and (2) for the same enzyme in the presence of the coenzyme differ only by a constant (for all possible pools), can be tested in an analogous way described above by the C-statistic.
Results and discussion Figure 1 shows a characteristic Arrhenius plot for AST. Measuring from 25°to 45°C a deviation from a straight Arrhenius plot has been observed both in the absence and in the presence of pyridoxal-5'phosphate. These deviations are significant (p <0·05)
Another Arrhenius plot is given in Figure 2 . There is no-significant deviation from a' :""straight line (p>0·10). Figures 3 and 4 show two characteristic Arrhenius plots for ALT. The deviation from a straight line, shown in Fig. 3 , is significant (p<0·05) in the absence 
STATISTICAL AN AL YSIS
For each pool and enzyme, in the absence or in the presence of pyridoxal-5'-phosphate, the following model was postulated: y represents log (activity), x=f and E is an error term with expectation zero and unknown variancẽ . E is assumed to be normally distributed. To investigate whether or not the relation between y and x is quadratic, it suffices to test in the above described model the hypothesis:~2=0 with the usual F-test. Let Pi be the p-value of the F-test for the i-th serum pool. Then the general hypothesis He: as well as in the presence of the coenzyme. In Fig. 4 these deviations are not significant (p >0 ·10).
Generally it can be concluded from our observations on 13 and 12 serum pools, for AST and ALT, respectively, in the absence and in the presence of the coenzyme, that it is unlikely that the relation between log activity and +is always linear (Cstatistic; p<0·01 in all four cases (see Table I ). Thus it seems reasonable to state that the relation in general is better described by a quadratic function. As to the difference in relationship of the Arrhenius curve in the presence and in the absence of pyridoxal-5' -phosphate, the hypothesis that they differ generally only by a constant was not rejected for ALT (p>0·50) but was rejected for AST (p<0·05) .--....-.........-...,..--.--.........-...,..--.----...-....,. -----. 3·10
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Comparing our results with those already described, [11] [12] [13] it seems to be necessary to determine the catalytic activities at a minimum of eight or nine different temperatures in order to get good Arrhenius plots. Jung et aU 8 reported that the presence of pyridoxal-5'-phosphate alters the effect of temperature on ALT and AST. In the absence of the coenzyme, Arrhenius plots have been demonstrated with an inflection point, which disappears in the presence of pyridoxal-5'-phosphate. 7 8 This is not confirmed by our results. Jung et al,' 8 have further shown that the increase in catalytic activity of AST and AL T by the coenzyme is temperature-dependent, being 3·5% at 25°C and 14·4% at 37°C for ALT. The observed increase in the Arrhenius slope demonstrated by Jung et al. 7 8 may be due merely to increased thermal stability of the enzymes in the presence of the coenzyme, as has already been suggested by Rej.lO It is reasonably well established that AST and ALT are relatively very stable enzymes, so that deviations from a straight Arrhenius plot are not likely to be caused by denaturation of the enzyrnes.P It is well known that the apparent Km value of most enzymes is temperature dependent, the Km increasing with increasing temperature and consequently the affinity of the enzymes to their substrates decreases. We have carried out our experiments according to the Scandinavian recommendations, which are optimal at 3rC, and therefore the deviation from optimal reaction circumstances at temperatures higher than 37°C may be neglected.
From our experiments it can be concluded that pyridoxal-5'-phosphate scarcely influences the temperature relationship of AST and AL T in the temperature range 25°C-45°C. There are small but significant deviations from straight Arrhenius slopes.
It seems that supplementation with pyridoxal-5'phosphate enhances the catalytic activity of AST and AL T in the same degree over the entire temperature range. Our results corroborate the findings of Rej.l0 
